! A mechanical-electrical power conversion system compnsmg: 
a power shaft configured to rotate about an axis; and 



a crank having: 

a crank pin, 
a crank arm 



tot transmits force between said crank pin and said power shaft, 



and 



10 



Q 
O 
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a tot transduc er eoupled to said crank pin, Ore — er comprising a to 
active area, which htdudes a, .east a to, porrion of an deprive pointer an a, « two 
to acrive area electrodes coup.ed to to tot porrion of to electroachve pOymer. 



I 15 2 ThesystemofclaimiwhereinsaidpowershaninclndeaaauUposiriontoua 
S 1— i aiiynoeiectrica.cu^n.toaaidtotacriveat.aeiec.rodes. 



3 . The system of Cam, 1 farther including a connecting rod to. interconnects said 
electroactive polymer and said crank pin. 



O 20 , r a ^o^fro^rtiveoolvmer is substantially 

W 4. The system of claim 1 wherein the plane of said electroactrve polym 



parallel to said axis. 



5. 



The system of claim 1 wherein said transducer is included in an actuator. 



" 6 The system of Cairn 5 wherein said actuator applies ttanslarional morion to said crank 
pin, which in turn rotates said power shaft to provide power onto' Hereon. 

7 . The system of clatm . ftnther including a second transducer operah,y coupled to said 



30 crank pin. 
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f W 7 wherein said first transducer and said second transducer are 

8 . The system of clann 7 where* ^ q ^ ^ 

arranged in a V about said power shaft, the V having an 
180 degrees. 

^ • A W transducer and said second transducer are 

9 . The system of claim 7 wherem said first transducer 

arranged in-line about said power shaft. 

,,•7 further including a disc that couples said first transducer and 
1 o The system of claim 7 further inciuaing 

said crank pin and coupies said second transducer and said crank p,n. 
second crank having: 

S " P ° WW Sha !rld rransducer couple. ,0 said crank pur, the second tr— 
— a « aclive are, which = — ^ 
lymer and at least two electrodes coupled to the first portio 



po 

20 polymer 



of Cairn 11 wherein said plnralily of cranks are arrangeo substantial* 



^iXl Xower shaH and arran g ed to rotate about said fitted axis. 
25 13 ^a^ofclain.nwoere.said^^ncerlaa^nronoHtnic^ncer 
and said second transducer is a second monolithic transduce, 

f ,,»im U wherein the active areas of the first monolithic transducer are 
1 4 The system of claim 1 1 wnerem 
offset horn the active areas of the second monolithic transducer. 

UZ*. po.^a.onoapamptovidedhvthecranlca.missnhs^v 
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* , f ntential energy of said first electroactive polymer and said second 
independent of elastic potential energy 01 



in 

electroactive polymer 



area 



„ The system ofclaim 1 wherein the transducer uprises a second active 
5 mprilg at .east two second active area erodes and a second portion 
5 ZZ> polymer oonp,ed to floe a, least two second active area e.ectrodes. 

symmetrically arranged around said power shaft. 

1° . ...„„ <w active area electrodes and the at 

,« The svstem of claim 16 wherein the at least two first active are 
1 Jir ive area electrodes o f the transducer a, arranged radtaUy abound sard 



1 



power 



shaft. 



4 



! ,o The system ofc.aun .6 wherein elastic potential energy storedin fire second ^portion 

, 15 19. The system ore partially 
5 of sard electroactive polymer during actuation of the second act, 

\ contributes to deflection of the first portion of said electroactive polymer. 

3 ^flection of said electroactive polymer along a path 



U 



on The svstem ofclaim 16 wherein deflection otsamerecu.. ---a 

M ^ .,:::..,„. » is —ally independent of eiastie potential energy of aatd 



;g 20 provided by the crank arm 
|Tj electroactive polymer. 

21 Thesystemofelaimldwhereinoneofrheat.easttwofirs.activeareaelectiodesand 
one of £ last two second active area electrodes „ in eiectrica, commumeation. 

25 • -a oof the at least two first active area electrodes 

The svstem ofclaim 21 wherein said one of the at least two 

and sard" at ,eas, two second aetive area electrode* are nrchrded rn a common 
electrode. 

30 2 , Thesystemofclann^wherelnrotirtionofsaidpowershaflisassistedhymechartiea, 
input energy. 

The system ofclaim 1 whemin doe electroactive po.ymer inCudes pre-strain. 



24. 
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« m ~r4isiTii<nTi that assists rotation of the 
25. The system of claim 1 further comprising a mechamsm 

power shaft. 



of claim 25 wherein the mechanism is a flywheel. 



shaft 



5 26. The system 

„. The system of data. 1 whereto said transducer is capable of rotating said power 
in both rotational directions about said fixed axis. 

to rotation of said power shaft. 
H strain of said electroactive polymer. 



uJ 



5 
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3„ The sys,em of claim 1 further including a bearing between said elec.oachvepol ymer 
1 S aid oral pin ma, ahows me electroachve polymer ,0 rotate about sard crardr pm. 



u 

ru 
ru 

CO 20 



P 31 . A me chamcal-electrical power conversion system comprising: 



a power 
a crank having: 



shaft configured to rotate about a fixed axis; and 



25 



a crank pin, , ft 

a crank ann ma, hansoms force between said cran* pin and sard power shaft, 



and 



30 



a first transducer coupled to said crank pin, the fransducer comprising a first 
active area which includes at least a first portion of an electroactive polymer and at least two 
active area, whic elec troactive polymer, wherein 

first active area electrodes coupled to the lust portion o 

the electroactive polymer includes pre-strain. 
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32 The system of claim 3 1 wherein said power shaft includes a stall position that . 
maintained with substantially no electrical current to said firs, active are. electee, 

33. The system of claim 31 wherein the plane of said eleetroactive polymer is 
substantially parallel to said axis. 



ru 



34. 



The system of claim 31 wherein said eleetroactive polymer is a dielectric elastomer. 



35. The system of claim 31 wherein said transducer is capable of rotating said power 
shaft in both rotational directions about said fixed axis. 

36. The system of claim 31 further comprising an external load that increases elastic 
*? strain of said eleetroactive polymer. 

a 

• i?% 

P 15 

3 37. A mechanical-electrical power conversion system comprising: 

JjJ a power shaft configured to rotate about a fixed axis; and 

JL a crank having: 

w 

fU a crank pin, 

g 20 a crank arm that transmits force between said crank pin and said power shaft, 



and 



25 



a first transducer coupled to said crank pin, the transducer comprising a first 
active area, which includes a. leas, a firs, portion of an eleetroactive polymer and a, leas, two 
firs, active area electiodes coupled ,o me firs, portion of me electioacuve polymer, wherem 
elastic return of said electioacuve polymer a, leas, partially contributes to rotation of sard 
power shaft. 



38 The system of claim 37 wherein said power shaft includes a stall position that is 
30 maintained with substantially no electrical current to said first active area electrodes. 



39. The system 



of claim 37 wherein said transducer is included in an actuator. 
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40. 



Tfce system of elate, 39 wherein said ae.ua.or applies National notion .o said 
Jar* pin, whieh te » ro.a.es said power shaft .0 provide power output .hereon. 

41 ThesyslemofelaimSTwhereinsaideraniistaelndedinapluralityoferanks 
m oun,ed concenhicafly on said power shaft, said p.uraU.y of cranks comprising a second 

crank, the second crank having: 

a second crank pin 

a second crank arm una, tiansmus force be<ween said second crank pa and 

said power shaft; and 

a second transducer coupled to said crank pin, the second transducer 

eonrprising a ftrs. active area, which includes a. .east a firs, portion of a second 
poiyrncr and a. leas, «wo etectiodes coupled te the fir, portion of .he second eleCroachve 

polymer. 

15 42 The system of claim 41 wherein said plurality of cranks are arranged substantially 
equally about said power shaft and arranged to rotate about said fixed axxs. 

43. The system of claim 41 wherein said first transducer is a first monolithic transducer 
and said second transducer is a second monolithic transducer. 



10 



20 



44. The system of claim 41 wherein tee active areas of tee firs, monolititic transducer are 
offset from the active areas of the second monolithic transducer. 

45 The system of claim 41 wherein deflection of said firs, eleCroactive polymer and said 
li second electioactive polymer along a pate provided by tee crank arm is substentiaUy 

independent of elastic potential energy of said firs, eleofroactive polymer and sard second 
electroactive polymer. 

46 The system of claim 37 wherein the transducer comprises a second active area 
30 comprising at least two second active area electrodes and a second portion of the 

electroactive polymer coupled to the at least two second active area electrodes. 
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47. The system of Cain, 46 wherein the firs, and second active areas of .he transducer are 
symmetrically arranged around said power shaft. 

48 The system of claim 46 wherein the a. least two firs, active area electrodes and fire a. 
5 _ two second aefive area electrodes of fire transducer are arranged radiaby around sard 

power shaft. 

49 The system of claim 46 wherein elastic potential energy s.ored in .he second portion 
of said electroactive polymer during aemafion of fire second active area a. leas, partrally 

,„ eonnihu.es to deflection of the first portion of said electroactive polymer. 

50 The system of claim 46 wherein deflection of said electroactive polymer along a pan, 
» provided hy d» crank arm is substantially independent of elastic potential energy of sard 

P electroactive polymer. 



ru 



15 



* 51. The system of claim 37 further comprising an external load that increases elastic 

i 

Q strain of said electroactive polymer. 



fU 52 The system of claim 31 wherein said electroactive polymer is a dielectric elastomer. 

U 
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53. A mechanical-electrical power conversion system comprising: 
a power shaft configured to rotate about an axis; and 

a crank having: 

2 5 a crank pin, 

a crank arm that transmits force between said crank pin and said power shaft, 

and . . - 

a firs, transducer coupled to said crank pin, the transducer compnsmg a first 

active area, which includes at leas, a fire, portion of an electroactive polymer and a. leas, two 
30 firs, active area electrodes coupled to tire fat portion of the electroactive polymer, wherein 
said power shaft includes a stall position mat is maintained with substantially no electneal 
current to said first active area electrodes. 
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